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LOW-SPEED PRESSURE DISTRIBUTIONS OVER THE DROOPED-NOSE FLAP
oF A 42° SWEPTBACK WING WITH CTRCULAR-ARC ATRFOIT, SECTTONS
AT A REYNOIDS NUMBER OF 5.3 x 100

By Stanley H. Spooner and Robert L. Woods
SUMMARY

The pressure distributlons over the drooped-nocse flap of a
420 gweptback wing having circular-arc airfoil sections and equipped
with half-span tralling-edge split flaps have been inveatigated in the
Langley 19-foot pressure tunnel. The wing had an aspect ratio of 3.94
and a.taper ratic of 0.625. The pressurs measuremsnts weyre made for
several angles of attack at a Reynolds number of 5.3 X 10° and a Mach
number of 0.1l. The effecta of the deflectlon and span of the drooped-
nose flap and the effects of split trailing-edge Tlaps on the pressures
over the drooped-nose flap were determined.

The maximum values of pressure coeffliclent were measursd at the
Inboard end of the drooped-nose flap; whereas, on the remailning portlon
of the flap where considersble cross flow existed, large pressure peaks
wore not measured. At angles of atback near maximum 1ift the center of
load on the flaep shifted markedly inboard.

The normal-force and hinge-momsnt coefficients of the nose flap
Increased almost linearly with angle of atbtack and decreased linearly
with increased nose-flap deflectlon for angles of attack below those at
which flow separation occurred. The angle of atteck at which separation
occurred increased with increased nose deflection. Maximum values of
the drooped-nose-flap normal-force and hinge-moment coefficlents of 2.1
and 1.2, respectively, were obtalned. The offect of variatlon in the
drooped-nose-flap span on the maximm values of the coefficients was
small, whereas removal of the split flaps reduced the maximum velues
about 0.2.

INTRODUCTION

The use of wings incorporating thin, cilrcular-arc airfoil sections
in superaonic aircraft deslign has resulted in a need for high-1ift
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2 NACA RM No. L&F16

and stall-control devices in order to provide acceptable take-off and
landing characteristics. One of several proposed devices consists of a
rotatable or drooped leading edge. Although there is a limited amount

of two-dimensional data avaeilable concerning the aerodynamic forces and
moments acting on the drooped-nose flap of sharp-edge alrfoil sectlons
(reference l), 1little is known about the three-dimensionel character-
istics of such a device when used on a sweptback wing. Pressure-
distribution measurements have, therefore, been made over the drooped
leading edge of a 42C sweptback wing having circuler-arc alrfoll sections.
The basic characteristics of this wing are given in reference 2.

The effects of veriation in deflection and span of the drooped
leading edge together with the effects of trailing-edge split flaps were
determined. The Investigation was conducted in the Langley 19-foot
pressure tunnel at a Reynolds number of approximately 5.3 x 10° and =
Mach number of 0.11.

SYMBOLS
Cr. 1ift coefficient (Lift/qS)
P - Py
P pressure coefficlent | ——
q
PR resultant prezsure coefflcient
1 e [Ir
Cy drooped-nose-flap normel-force coefficient Cpo — &l—=
f ] o f Cf' bf
Chf drooped-nose-~flap hinge-moment coefficient i chf =5 d'i—
Jo °r £
cnf drooped-noss-flap section normal-force coefficient, positive
1
d. /, P. £
upwar ( R o
\vo
chf drooped-noae-flap section hinge-moment coefficient, positive
1
Xp [*p
when leadling edge tends to deflect upward PR — 4 =
\ c
a free-stream dynamlc pressure

S wing area



NACA RM No. L8F16 3

P orifice pressure

Py free-stream statlc pressure

b/2 semispan of wing, normal to plene of symmetry

Cp local chord of drooped-nose flap, normal to hings line

cf' mean chord of drooped-nose flap, normal to hinge line

'Ef root-mean-square chord of drooped-nose flap, normal to hinge lime

be spen of drooped-nose flap, measured along hinge lins

Fp spanwise coordinate, measured from lnboard end of drooped-nose
flap along hinge line

Xp chordwise coordinate, measured from and normal to hinge line

c.D. = chordwise center of pressure of drooped-nose flap, measured from
leading edge normal to hinge line -

o engle of attack of wing chord, degrees

ﬁf deflection of drooped-nose flap, degrees

MODEL AND TESTS

The principal dimensions of the model are shown In figure 1. The
wing was of solid steel construction and is described in detail in
reference 2. It haed an aspect ratio of 3.94 and a ratlc of tip chord to
root chord of 0.625. A stralght line connecting the leading edge of the
root and theoretical tip chords was swept back 42.05°. The airfoil
sections were symmetrical circular arcs which, taken normal tc the line
of maximum thickness, had & maximum thickness of 10 percent of the chord
at the root and 6.4 percent of the chord at the tip. Parallel to the
plane of symmetry the maxlmm thickness was 7.9 percent of the chord at
the root and 5.2 percent of the chord at the tip.

The drooped nose was hinged on the lower surface and had & chord
of approximately 18.% percent of the wing chord measursd parallel to
the plane of symmetry. Two drooped-nose-flap spans were tosted: one
covering the outboard 60 percent of the wing semispan and the other, the
outboard 75 percent. The drooped-nose flap was so constructed as to
provide deflections of 0°, 20°, 30°, and L0°.

The tralling-edge split flaps were 20 percent of the wing chord and
were deflected 60°. They covered the inboard 50 percent of the wing
semlspan.
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Flush static pressurs orifices were installed in the drooped nose
at five spanwise stations as shown in figure 2. Chordwise, there were
normally nine uwpper-surface and three lower-surface orifices, the loca-
tions of which may be determined from the pressure-distributlion dlagrams.
The tublng connectling the orifices in the model to the measuring sppa-
ratus was Installed In a maenner such that 1t interfered with nelther the
distribution nor the measurement of the forces. The pressures over the
drooped-nose flap were measured on & multiple-tube manometer and were
photographically recorded for several angles of attack. Tn addition to
the pressure measurements, force measurements of the lift were made for
the varlous model configurations. For the majority of the tests the wing
was edulpped with the split flaps. The date have been corrected for alr-
gtream misalinement, model blocking, support tare, and Jjet-boundary effects.

The tests werse conducted in the Lang%ey 19-foot pressure tunnel at a
Reynolds number of approximately 5.3 x 10 and a Mach number of about 0.11.

RESULTS AND DISCUSSION

The 1ift curves for the various configurstions tested are presented
in figure 3. Representative chordwlise presaure distributions are presemted
in figures 4 to 6. For the undeflected-nose-flap configuration (fig. 4(a))
separated flow over the nose section is indicated by the flat tops of the
pressurs-distribution dlagrems throughout the angle-of-attack range. With
the nose flap deflected the maximum negative values of pressure coefficlent
occurred at the inboard ends of both the short- and long-span drooped noses.
The pressure coefficlents Increased wilth angle of attack and decreased
with increased nose deflectlon. Higher values were ocbtalned for the long-
span nose-flap configurations than for the short-span nose-flap confilgu-
rations. A wing of plan form similar to that used in the present tests
but with NACA 64-series airfoil section and a round-nose, extensible
leading-edge flap gave somewhat higher meximum values of pressure coef-
ficient (reference 3).

The stall studles presented in figure T appear to correlate well with
the pressure-distribution diagrams of figure 4(c). For moderate and high
angles of attack, considerable cross flow on the drooped-nose flap was
ovident, except at the lnboard end where the flow was straight back. The
highest negative pressure peaks were measured at the inboard end of the
drooped-nose flap, whersas over the areas with cross flow large negative
preasure peaks were not obtained. These peaks at the inboard end were
somswhat higher than those obteined in two-dimensional tests (reference 1)
even though lower peaks would be expectad for the sweptback wing. At
the high angles of attack areas of separated flow on the drooped-nose flap
occurred on the outboard portion of the flap and moved lnboard with
increasing engls of attack. This 1s shown by the stall studles and veri-
fisd by the pressure-distribution dlagrams.

The chordwlse center of pressure at varlous angles of attack is
shown in figure L4(c) for the short-span drooped-nose flap. The center of
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pressure at each of the spanwise stations moved forward wlth angle of
attack untll at moderate toc high angles it remeined approximately

conatant at about 45 percent of the nose-flap chord bshind the leading
ndge. Neither the removal of the split flaps nor the change to the

longer span nose flap had any apprecliable effect un the center-of-
pressure locations. Although the cenbters of preasure are presonted only
for one configuration, they ars representativs of the other configurations.

The sectlon normal-force and hings-momsnt coefficients are presented
in table I for all of the confilgurations Investligated. The chord-force
coefficients are not presented but were determined for sevsral cases and
found to average about 5 percent of the corresponding normal-force
coefficients. The spanwise loading on bths drooped-nose flasp 1s glven in
figares 8 to 10 for several configurations. TIn gensral, it can be geon
that from low to moderate angles of attack Lthe center of load wesa shifted
qutboard slightly; whereas, at angles of attack near those for maximum
1lift, stalling on the ocuter portion of the noge-flap span caused the
canter of load to bs shifted markedly to the inboard portion. Ths
removal of the half-spen trailing-edgs spllt flaps caused the center of
load to bs shifted somewhat outboard.

The spanwlse loadings were mechanically integrated to determins the
drooped-nose-flap normal-force and hinge-moment coefficients which are
presented 1n Plgures 11 to 13. Ths force and momsnhk cosfficlents for tho
noge-flap-deflected conditions Increased almost linesrly with angls of
attack up to angles at which separation ocecuacred. For the undeflacted
condition (sf. = o°) Cy and Cp remained approximately constant due

to separation whilch begen at low anglses of atback. The values of GN
and Ch, at a given angle of attack below that at which separation
occurred, decreased proportlonally with incresase in nose-flap deflactlon

for the range Invsstigated. The angle of attack at which separation
occurred was lncressed wlth iIncreased nogse-flap deflection.

Although the drooped-nose-f£lap normel-force . and hings-momsnt
coefficlients increased more rapidly with angls of attack for the long-

gpan drooped-nose flap (9.752) then for the shorit-gpan Tlap 0.602 R

the maximim forces and momsnits of the long-span £lap were reached at a
lower angle of attack and were epproximately mqual to those of ths short-
span flap. These values were about 2.1 and 1.2, respectively, for tas
normal-force and hinge-moment coefficisnts. The msximum normal-force
coefficients of the drooped-nose flap wers only sbout 60 percent as large
23 those obtalned on the exitensible leading-adge flep of referenca 3.

The effect of the half-gpan tralllng-sdgs split fleps may he seea
in figure 13. At a glvsn angls of attack removal of the split flaps
reduced the drooped-nose-flap normal-force and hinge-momsrt coefficients
by incremsnts of spproximately 0.4 and 0.3, respectively, for the rangs
of linear variation with angls of attack. Ab the higher esnglass of attack
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the values of Cy and C for the configuration O.Gog-spa.n droopsd-nose
flap and Bp = 30° were reduced about 0.2 by removal of the split flaps.

CONCLUDING REMARKS

The results of en investligation of the pressure distribution over
the drooped-nose flap of a sweptback wilng incorporating circular-arc
airfoll sectione and equipped with half-span trailing-edge split flaps
indicate that large negative pressure peaks are not obtalned where cross
flow on the flaep is evident. The maximum value of pressure coefficient
was obtained at the inboard end of the drooped-nose flap where no cross
flow was present. At angles of attack 1n the vicinlty of the maximum
1ift the loading on the drooped-nose flap shifted markedly toward the
Inboard end.

The drooped-nose-flap normel-force and hinge-moment coefflclents
increased almost linearly with angle of attack and decreased proportion-
ally with increase in nose deflection for angles of atitack below those at
which flow separation occurred. The angle of attack at whlich separation
occurred was Iincreesed with increesed nose-flap deflection. The mexi-
mm velues of drooped-noss-flap normal-force and hinge-moment coefficlents
obtained were approximately 2.1 and 1.2, respectively, and were not
appreciably affected by the nose-flap span.

Removal of the split flaps reduced the drooped-nose-flsp normal-
force and hinge-moment coefficlents by C.L4t and 0.3, respectlvely, for the
range of linear varlatlion with angle of attack. At higher angles of
attack, however, the values were reduced about 0.2.

Lengley Aeronautical ILeboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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Table I [ Bt

Moment Coefficlents.

Section Normal-Force and Hinge-

0.60b/2-span drooped nose; half-span split flaps

Z% . chf °ng o
a 0.05|0.33[0.60/0.88{0.05 {0.33 [0.60 |0.88 L
L4.8{0.920.65]0.51(0.37|1.77 /11.20[0.93 |0.68]0.72
% 8.9] .8.| .56} L8} .39!1.6L (1.0} .90/ .74} .86
n{13.0f 71! 561 43| .36{1.36{1.03] .82] .70} .91
S17.0] 71! .55 .50! .h1|1.41101.05] 96 ..77]1 .93
19.0! .72] 59| .52} JL311.43]1.12] 98] .80} .95
21.,0{ .72! .61] .51] JL2}1.1711.1711.00] .79 .96
L.8lo.y7/0.:2{0.30]0.20{0.96|0.88]0.76!0.55|0.67
ol 9.0 .71| .87| .20} .61[1.28]1.61(1.56[1.17| .87
~J13.112.0%011.771 .95| .60]1.73|2.30[2.93(1.21]1.07
Wil5.211.2542.42] .84} .58{2.05!2.86]|1.6111.07/1,12
S117.211.33(1.29] .78| .55i2.25[2.76]1.56[1.08]|1.17
19,301.11{1.91| .89] .56}1.89]|2.63]1.80(1.13[1.23
L.7/0.22]0.20|0.1} [0.0l1{0.67 [0.60[0.55 [0.21]0.65
o | 8.9 uB! .59 56| .35[1.02/1.22]1.16| .60| .83
RQl13.1] .76! .97(1.03| .74{1.37[1.781.82 (1.25] .99
n117,211,01(1,28|1.28] .86|1.71!12.h2 2.4 1.48]1.13
<119.311,07/1.38/1.,13| .80|1.80(2.79!2.19 !1.40l1.19
21.311.20§1.55/1.02} .7712.0213.03]2.00[1.35{1.2]
L.7/0.07/0.06~0.1010.08|0.46{0.32[0.13 -0.09} 0.6l
o 1.8.9 .27[ .30 .27! .22] .73! .92| .85| .39| .85
SHas.al .hol .63 .68] L6} .99]1.37/1.43| .78 .99
ni17.2f .68 .ghl1,01; ,74)1.,22/1,82{1.90{1.16|1.10
S119.2) .81j1.1001.17| .83)1.42{2.11]|2.1711.29]1.16
21,3} .82{1.21]11.25¢ .8311.h6j2.40!2.32}1.31|1.21
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Table I.- Contlnued.
0.75b/2-span drooped nose; half-span split flaps
Jr
br Chy °np cy,
a \{o.04 0.2 0.16 0.68 0.90 0.0} 0.2l 0.146{ 0.68{ 0.90

4,8 0.95 0.92 0.65 0.51 0.371 1.74|1.77/ 1.20{ 0.93| 0.68} 0.72
o | 8.9/ 2.1k .84 .56 .48 .39 2.31/1.641.04) .90 .7l .86
wi{iz.,0f .88 .71 .56 .43 .34 1.75/1.36/1.03] .82 .70 .91
S'l17.00 .80 .71 .55 .50 .hif1.56/1.41}1.05] .96 .77 .93
19.0 .71 .72] .59 .52 .L3 1.5% 1.431,12] .98] .80 .9
21.00 .80 .72, .61 .51 .42l 1.5701.47/1.17/1.00] .79 .96
.71 0.32] 0.48{0.41] 0.31} 0.20{ 0.78] 0.99| 0.87]| 0.7l4| 0.58 0.65
8.9/ .68{1.02| .93| .88] .64 1.28{1.82{1.70}1.61/1.20 .84
®|13.1/1.07/2.43,1.00 .73 .57{1.85/2.78/2.00/1.46/1.10 1.05
g 115.2/1.311.56] .99| .70 .54}2.22/3.,15/1.94/1.38/1.06 1,12
S117.2]1.h2]1.42] .91] .65] .51)2.39/2.93/1.79/1.30/1.00 1.1
18.2f .82{1.19| .82 .63] .51|2.47/2.4211.63/1.17] .98 1.18
L4.8{0.15| 0.24]0.18/0.16]|0.02} 0,54 0.75| 0.61[{0.55/0.11} 0.66
o |8.9] 45| .68! .63 .58, .38/1.00{1.41{1.30{1.22| .51 .86
_l13.1] .81l1.16}1.22{1.07} .77/1.8%/2.11|2.10{2,01|2.33] 1.0}
Wili6.3/1.03|1.54 1.22} .97! .70{1.89/2,70)2.043{1.9511.26/ 1.17

Sl18.Jg|1.2]11.70]2.13] .88] .56]2.13|3.13/2.27]|1.77/1.02}1.2
20.4)1.38j1.h2] .ol .66] J7|2.38/2.88/1.91/1.32| .85|1.24
L.710.09!0.10{0.07-0.111-0.08} 0,20/ 0,39} 0,29}{0.,1110.07} 0.63%
o | 8.9] .22| .37 .32| .28/ .20f .71| .97/ .98] .88| .36| .85
jf 13,1} 98] 79| .79 .72 .146]1.12]/1.59{1.68|1.57| .72}1.01
wl17.2] .82(1.24)1.20{1.13} .73]1.62|2.23|2.33/2.19{1.12]1.16
©119.3] .95!/1.46/1.30/1.13] .75{1.81|2.66/2.55/2.18/{1.16}1.2}
21.3}1.24{1.58/ 1.11| .96! .63}2.15|2.96/2.23{1.87|1,00}1.26
AR
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Table I.-

Concluded.

0.60b/2-span drooped nose

z% Che Cne ]

a\| 0.55] 0.33| 0.60] 0.88 0.05| 0.33} 0.60|0,88 L
L.31-0.14/-0.13-0.1-0.08] 0,09 0.06-0.111-0.03] 0.22

o b-8¢5] .18 .19 .18? 1 .5 .61’ .59 D19 .
2l12.7] .hal .s2] .57 45l .83 1.08/1.15] .95 .6
nf{ié.gl .65 .92/1.01 .79/1.181.70 1.80/1.52] .82
S120.0 .8% 1.18 1.05 .73| 1.49/ 2.31 2.06|1. .99
21.1] .9711.171 .9k .64 1.73 2.42 1.88]1.33 1.06
23,2| 1.21] 1.15] .92/ .55 2.10/2.32[1.73/1.09 1.13
2h.2| 2.2 1.25 .84 .55{ 2.15! 2.56 1.68/1.12 1.13
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Figure 2.,- Spanwise location of pressure orifices.
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